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(54) Electromagnetic sound generator 

(57) An electromagnetic sound generator has a vi- 
brating plate mounted in a case. An armature is secured 



on the vibrating plate at a central portion thereof. The 
armature has a concave spherical shape. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an electro- 5 
magnetic sound generator, and more particularly to a 
vibrating plate of the sound generator. 
[0002] In recent years, there is developed the surface 
mount technology where electronic parts are directly 
mounted on a printed circuitboard. The electromagnetic io 
sound generator used in the portable telephone and 
beeper is also mounted on the circuit board. 
[0003] Fig. 5 is a plan view of a conventional electro- 
magnetic sound generator in which upper parts thereof 
are removed along a line V-V of Fig. 6. Fig. 6 is a sec- 
tional view taken along a line VI-VI of Fig. 5, and Figs. 
7a and 7b are sectional views of a vibrating plate of the 
sound generator. 

[0004] Referring to Figs. 4 and 5, a case 50 of the 
electromagnetic sound generator comprises a lower 
case 51 and an upper case 52. A pair of cylindrical holes 
51b are formed in the lower case 51, and an annular 
projection 51 a is formed on the lower case 51 . 
[0005] A yoke 53 made of magnetic material is mount- 
ed on the bottom of the lower case 51. A core 53a is 25 
formed on the surface of the yoke 53 and a notch 53b 
is formed in the yoke 53. An annular magnet 55 and a 
coil 54 are mounted on the yoke 53. A circular vibrating 
plate 56 is secured on the annular projection 51a. An 
armature 57 comprising a circular magnetic plate is se- 
cured to the vibrating plate 56 at the central portion 
thereof so as to oppose to the core 53a. Thus, a mag- 
netic circuit for a buzzer is formed by the yoke 53, core 
53a, magnet 55 and vibrating plate 56. 
[0006] A pair of lead plates 58, each of which is made 35 
of an elongated metal plate, are embedded in the lower 
case 51 . Each of the lead plates 58 is extended between 
the upper end of the hole 51b and an end 58a in the 
notch 53b of the yoke 53. A coil spring 59 is inserted in 
each hole 51b. An upper end of the coil spring 59 is in- 40 
serted in a hole 58c formed in an end portion 58b of the 
lead plate 58 and electrically connected to the lead plate 
58 by solder. The lower end of the spring 59 is projected 
from the lower case 51 . The upper case 52 is adhered 
to the lower case 51 so that a sound emanating hole 45 
50a is formed between the upper case 52 and the lower 
case 51 . 

[0007] When a signal current flows in the coil 54 pass- 
ing through springs 59 and lead plates 58, the coil 54 is 
excited to attract the armature 57. Thus, the armature 50 
57 is vibrated to produce sounds which emanate from 
the sound emanating hole 50a. 

[0008] As shown in Fig. 7a, the armature 57 is a flat 
magnetic plate formed by stamping out a flat material 
plate. When the armature 57 is attracted to the core 53a, 55 
the vibrating plate 56 is bent as shown in Fig. 7b. As a 
result, there occurs stress concentration along the pe- 
ripheral edge of the armature 57. The concentrated 



stress restrains the vibrating plate 56 from vibrating, 
which causes the vibration to be unstable. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide 
an electromagnetic sound generator in which a vibrating 
plate may be stably vibrated without stress concentra- 
tion, thereby providing a stable sound emanating char- 
acteristic. 

[0010] According to the present invention, there is 
provided an electromagnetic sound generator compris- 
ing a case, an electromagnet having a vibrating plate 
mounted in the case, an armature secured on the vibrat- 
ing plate, wherein the armature having a concave spher- 
ical shape, and secured to the vibrating plate at a central 
portion thereof. 

[0011] The armature has a uniform thickness. 
[0012] The armature has a radius curvature so that a 
peripheral edge of the armature does not contact with 
the vibrating plate when the vibrating plate is vibrated 
at a maximum amplitude. 

[0013] These and other objects and features of the 
present invention will become more apparent from the 
following detailed description with reference to the ac- 
companying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 



30 [0014] 



Fig. 1 is a sectional view of an electromagnetic 
sound generator according to the present invention; 
Fig. 2 is a plan view of the sound generator; 
Figs. 3a, 3b and 3c show steps for press working 
for manufacturing an armature of the present inven- 
tion; 

Figs. 4a and 4b show sectional views showing vi- 
brating states of a vibrating plate of the present in- 
vention; 

Fig. 5 is a plan view of a conventional electromag- 
netic sound generator in which upper parts thereof 
are removed along a line V-V of Fig. 6; 
Fig. 6 is a sectional view taken along a line VI-VI of 
Fig. 5; and 

Figs. 7a and 7b are sectional views of a vibrating 
plate of the sound generator. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0015] Referring to Figs. 1 and 2, a case 1 of the elec- 
tromagnetic sound generator of the present invention 
has a case comprising lower case 2 and an upper case 
3. A pair of cylindrical holes 2b are formed in the lower 
case 2, and an annular projection 2a is formed on the 
lower case 2. 

[0016] A yoke 4 made of magnetic material is mount- 
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ed on the bottom of the lower case 2. A core 4a is formed 
on the surface of the yoke 4 and a notch 4b is formed 
in the yoke 4. A circular magnet 5 and a coil 6 are mount- 
ed on the yoke 4. A circular vibrating plate 7 is secured 
on the annular projection 2a. An armature 8 comprising 
a circular magnetic plate is secured to the vibrating plate 

7 at the central portion thereof so as to oppose to the 
core 4a. Thus, an electromagnet having a magnetic cir- 
cuit comprising the yoke 4, core 4a, magnet 5, armature 

8 and vibrating plate 7 is formed. 

[0017] A pair of lead plates 9, each of which is made 
of an elongated metal plate, are embedded in the lower 
case 2. Each of the lead plates 9 is extended between 
the upper end of the hole 2b and an end 9a in the notch 
4b of the yoke 4. A coil spring 1 0 is inserted in each hole 
2b. An upper end of the coil spring 10 is inserted in a 
hole 9c formed in an end portion 9b of the lead plate 9 
and electrically connected to the lead plate 9 by solder. 
The lower end of the spring 1 0 is projected from the low- 
er case 2. The uppercase 3 is adhered to the lowercase 
2 so that a sound emanating hole 1 a is formed between 
the upper case 3 and the lower case 2. 
[0018] The armature 8 is formed into a concave 
spherical shape in accordance with the present inven- 
tion. The armature 8 is fixed to the vibrating plate 7 at a 
central portion by pinpoint welding. 
[0019] Referring to Figs . 3a and 3b, the press ma- 
chine comprises a die 20, a pair of pilot punches 21 , a 
striking punch 22 having a spherical working surface 
22a, and a blank-through punch 23. These punches 21 , 

22 and 23 are arranged in the moving direction of a strip 
30. The die 20 has a pair of pilot positioning holes 21 a, 
a concave spherical recess 22b, and a blanking hole 
23a. 

[0020] The strip 30 is intermittently fed to the right in 
Fig. 3a, and positioned by engaging the pilot punches 
21 with pilot holes 30a formed in the strip 30. Assuming 
that the strip 30 is fed to the position shown in Fig. 3a, 
the striking punch 22 and the blank-through punch 23 
strike the strip 30. The striking punch 22 bends the strip 
30 into aconcave spherical shape by the spherical work- 
ing surface 22a and the concave spherical recess 22b 
to form aconcave portion 30b. The blank-through punch 

23 blanks the strip 30 along a periphery of the concave 
portion 30b formed by the striking punch 22 with the 
blanking hole 23a. Thus, aconcave plate 30c as the ar- 
mature 8 is produced having a uniform thickness. The 
concave plate 30c is push-backed to the strip 30 and 
fed to a next step together with the strip 30, where the 
vibrating plate 7 is fixed by a spot welding (pinpoint weld- 
ing). 

[0021] Fig. 4a shows a sectional view of the armature 

8. Since the armature 8 is bent into a spherical shape 
at a radius of curvature, a gap G is formed between the 
peripheral edge of the armature and the vibrating plate 
7. 

[0022] When the coil 6 is energized, the armature 8 is 
attracted to the core 4a. As shown in Fig. 4b, even if the 



armature vibrates at a maximum amplitude, there re- 
mains a gap G. The radius of curvature is therefore se- 
lected so that the peripheral edge of the armature does 
contact with the vibrating plate 7 when the armature 8 
5 vibrates at a maximum amplitude. Thus, stress concen- 
tration does not generate along the peripheral edge of 
the armature 8. Therefore, the vibration of the vibrating 
plate 7 is not restrained. 

[0023] In accordance with the present invention, since 

the vibration of the vibrating plate is not restrained by 
the stress concentration, the vibrating plate stably vi- 
brates. 

[0024] While the invention has been described in con- 
junction, with preferred specific embodiment thereof, it 
will be understood that this description is intended to il- 
lustrate and not limit the scope of the invention, which 
is defined by the following claims. 



1. An electromagnetic sound generator comprising: 

a case; 

25 an electromagnet having a vibrating plate 

mounted in the case; 

an armature secured on the vibrating plate, 
wherein the armature having a concave spher- 
ical shape, and secured to the vibrating plate 
30 at a central portion thereof. 

2. The electromagnetic sound generator according to 
claim 1 wherein the armature has a uniform thick- 
ness. 

35 

3. The electromagnetic sound generator according to 
claim 1 wherein the armature has a radius curvature 
so that a peripheral edge of the armature does not 
contact with the vibrating plate when the vibrating 

40 plate is vibrated at a maximum amplitude. 



45 



50 



55 



10 



15 



20 Claims 



25 



30 



3 



EP 1 146 773 A2 



FIG. 1 




FIG. 2 




4 



EP 1 146 773 A2 




5 



EP 1 146 773 A2 



FIG- 4a 




( 



FIG. 4b 

G G 




ATTRACTION 



FIG. 5 

PRIOR ART 




6 



EP 1 146 773 A2 



FIG. 6 

PRIOR ART 




FIG. 7a 

PRIOR ART 

57 



FIG. 7b 

PFUOR ART 




CONCENTRATION CONCENTRATION 

ATTRACTION 



7 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(11) 



BP 1 146 773 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(88) 


Date of publication A3: 


(51) 


Int 01.: 




18.10.2006 Bulletin 2006/42 




H04R 11/02(^*^^^'^^> 


(43) 


Date of publication A2: 








17.10.2001 Bulletin 2001/42 






' ) 


/~\|J|kJIIOClLI(JI 1 IIUIIIUCl. 1^1 1 \JOiJ\J^m 1 






(22) 


Date of filing: 04.04.2001 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Kuwabara, Atsushi 




MC NL PT SE TR 




Fuiivoshida-shi. 




Designated Extension States: 




Yamanashi-ken (JP) 




AL LT LV MK RO SI 


• 


Asahina, Masato 








Fujiyoshida-shi, 


(30) 


Priority: 10.04.2000 JP 2000108686 




Yamanashi-ken (JP) 


(71) 


Applicant: Citizen Electronics Co., Ltd. 


(74) 


Representative: Griinecker, Kinkeldey, 




Fujiyoshida-shi, 




Stockmair & Schwanhausser 




Yamanashi-ken (JP) 




Anwaltssozietat 








Maxim ilianstrasse 58 








80538 Munchen (DE) 


(54) 


Electromagnetic sound generator 







(57) An electromagnetic sound generator has a vi- 
brating plate mounted in a case. An armature is secured 



on the vibrating plate at a central portion thereof. The 
armature has a concave spherical shape. 



FIG. 1 




Printed by Jouve, 75001 PARIS (FR) 



EP 1 146 773 A3 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 8532 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to clairri 



CLASSIFICATION OF THE 
APPLICATION (IPC) 



US 6 023 518 A (KUWABARA ET AL) 
8 February 2000 (2000-02-08) 
* the whole document * 



INV. 

H04R11/O2 



PATENT ABSTRACTS OF JAPAN 

vol . 1998, no. 12, 

31 October 1998 (1998-10-31) 

& JP 10 187160 A (CITIZEN ELECTRON CO 

LTD), 14 July 1998 (1998-07-14) 

* abstract * 

& US 6 108 432 A (WATANABE ET AL) 
22 August 2000 (2000-08-22) 

* column 4, line 15 - line 67; figure 1 



TECHNICAL FIELDS 
SEARCHED (IPC) 



H04R 
G10K 



The present search report has been drawn up for all claims 



Place of search 

The Hague 



Date of completion of the search 

6 September 20G6 



Examiner 



Wanzeele, Raphael 



CATEGORY OF CITED DOCUMENTS 



X 
Y 



particularly relevant if taken alone 
particularly relevant if combined with another 
document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

Sc : member of the same patent family, corresponding 
document 



2 



EP 1 146 773 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 10 8532 



This annex lists the patent family members relating to the paterrt documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office Is in no way liable for these particulars which are merely given for the purpose of information. 

06-09-2006 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s3 



Publication 
date 



US 


6023518 


A 


08 


-02 


-2000 


CN 


1236938 


A 


01-12-1999 














JP 


3373151 


B2 


04-02-2003 














JP 


11313393 


A 


09-11-1999 


JP 


10187160 


A 


14 


-07 


-1998 


JP 


3618498 


B2 


09-02-2005 














US 


6108432 


A 


22-08-2000 


us 


6108432 


A 


22 


-08 


-2000 


JP 


3618498 


B2 


09-02-2005 














JP 


10187160 


A 


14-07-1998 



o 

Q. 



QC 

o 

LL 

o 

Q. 



m For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



3 



